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EVALUATION OF FREE AND SUBMERGED 
FLOW DA TA FOR LARGE PARSHALL FLUMES 
INTRODUCTION 
Because the accurate measurement of water plays such an impor ~. 
tant part in water management, such structures as weirs, orifices, 
calibrated gates f and flumes have been developed. These structures 
provide the means for reasonable measurement of the smaller flows 
(1: .. 100 cfs), but for the large flows (100-3,000 cfs) the current meter ~ 
large Parshall flume , and various other flumes are commonly used. 
Where a permanent structure is required, the most widely accepted and 
utilized method for measurement of large flows is probably the Parshall 
flume. 
The purpose of this report has been to collect the existing flo w 
data for large Parshall flumes having throat widths of 'lO u 12, . ~ 15, II 
20, l' 25, ,30, 40, and 50, feet" and evaluate from the data certain free flo~v' 
and submerged flow relationships. The free flo'w relationships of large 
Parshall flumes as listed by R . L. Parshall (1932) are verifieq. from the 
data. The study reported herein was further made to illustrate that the 
analysis of submergence developed at Utah State University for smalle r 
j 
Parshall flumes (Skogerboe, Hyatt. Johnson, and England, 1965) is al s 
applicable to large Parshall flumes. 
Though the existing data is limited, the analysis made of large 
Parshall flumes for both free and submerged flow conditions result in 
2 
equations and calibration curves which appear to be valid. The result ~ 
ing equations, calibration curves, and comparisons v~l'ith the work o:~ 
Parshall (1932) are iisted in this report. 
The study has been made to evaluate the available free flow and 
submerged flow data which exists .for large Parshall flumes. For in-
formation on such items as construction, setting, maintenance, and 
methods for measurement of flows in large Parshall flumes, the autho r s 
feel the work by Par shall {1953) is very adequate and should be referred 
to by the reader. 
Figure 1 is a plan and sectional view of a typical iarge Parsh 11 
flume, along vvith a letter for each dimension line. I!1 the large Par s hall 
flumes the general ratio of dimensions that applies to the smaller si zed 
flumes is not followed.. The main dimensions of large Parshall flume s 
are listed in Table 1 and include the location of the flow depth measur ~ 
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T a ble 1 . Dimensions and capac ities of larg~ Parshall flumes . . 
Dimens ions in Feet and Inc he s 
C 2 W - (- +4 ) D E F G H K X 3 2 
14' 3 1/4" 6' all 14' 0" 3' A" 6' 0" 4 ' 011 1 ' 1 1/2" 0' 6" I' 
16' 3 3 / 411 6' 8" 16' A" 3' A" 8' a" 5' Oil 1 ' 1 1 / 2" A' 611 1 ' 
25 1 6" 7' 8" 25 ' all 4' 0" l a' 0" 6' 0'1 1 r 6" 0' 9" I' 
25' 6" 9' 4" 25 ' ali 6 ' a" 12' a" 7' all 2 ' 3" 1 ' all I' 
25' 6" 11 ' 0'1 25' a" 6 1 all 13' Ot! 7' O !~ 21 3" 1 ' A" I' 
26 ' 6 1/4" 12 ' 8" 26' 0" 6 ! 011 14' 0: 1 7 1 0" 2' 3" I' 01 ' I ' 
27 ! 6 1/2" 16 ' all 27 ' 0" 6 ' A" 16 1 011 7 ' 0'1 2' 3" 1 ; 0" I' 
27 ' 6 1/2;' 19 ' 4" 27 ' A" 6 ' 0" 20 ' 0" 7 ' all 2 ' 3' 1 I' 01[ 1 I 
-- ~ '--
Y 
0" 0' 9" 
all O! 9'" 
011 0' 911 
a" 0' 9" 
011 0' 9H 
O" 0 ' 9" 
on 0 : 911 
0'1 A' 9H 
- .... -
Free Flow 
C a pac ities 
-
Min . Max. 











ANALYS::S OF FREE FLOW DA TA 
Free flow conditions exist when critical depth occurs in the vicin-
ity of the flulTIe throat. The principal advantage of a fl ulTI e operating 
under free flow conditions is that only t h e upstrealTI depth of flow, H , 
a 
is required for deterlTIination of the discharge. 
The 1 O-foot Parshall flulTIe has been the foundation and basis frolTI 
which the other larger Parshall flulTIes have been de~ igned. The cor -
rection factors for submerged flow are based on the 1 O-foot flume 
(Par shall, 1932). For this reason, the 1 O-foot f l ume was fir st selected 
for analysis under free flow conditions. 
Parshall (1932) developed the following free flow equation for the 
10 -foot Par shall flulTIe. 
Q =: 39.;38 H 1. 60 . . (la) 
a 
The discharge, Q, is expressed in cubic feet per second and H is the 
a 
depth of flow in feet measured at a distance 2/3 (W /2 -:- 4) u pstrealTI 
from the throat crest in the converging section. The agreement of 
Parshall's data with his equation developed therefrom is pres ented in 
Appendix A for purposes of comparison. 
Model studies have bee n made of the 1 O-foo t flume by A. R. 
Robinson and F. W. Blaisdell (1944). The f ree flow equation resulting 
from Blaisdell's testing is 
Q = 40.9 H 1.59 . 
a 
. (1 b) 
5 
The testin g accoznplished by A. R. Robinson resulted in an H exponent 
a 
of 1.574, which is less than the value listed by either Parshall (1.60) 
or Blaisdell (1.59). To be noted is the fact that both znodel studies 
result in an H exponent less than the one given by the prototype studies 
a 
of Parshall (1932). 
The unpublished free flow data frozn the 10 -foot Parshall fluzne 
study by A. R. Robinson and the free flow data for the sazne fluzne as 
reported by Parshall (19,32) are plotted in Figure 2. A slope of either 
1.59 or 1.60 results frozn this plot of the free flow data. Coznparison 
of Equations la and 1 b gives sozne inforznation regarding the value of 
the slope of the free flow line. Equation la has a greater slope than 
Equation 1 b but has a sznaller coeffic ient. However, each equation 
results in essentially the sazne discharge for a given depth (H ) over 
a 
the norznal range of flows (6-200 cfs). For each equation to result in 
the sazne discharge a decrease in the H exponent znust be coznpensated 
a 
for by an increase in the coefficient, or visa versa, in either equation. 
After an evaluation of the work of Parshall (1932), Robinson, and 
Blaisdell (1944), as plotted in Figure 2, the authors felt a reasonable 
free flow equation for the 10-foot Parshall fluzne is 
Q = 40.13 H 1. 59 . 
a 
(1 c) 
The reason for selecting the 1.59 slope will be further explained when 
the analysis of subznergence is discussed. 
Figure 2 also shows the free flow data plotted for the 20-foot and 
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Figure 2. Development of free flow equations for 10-, 20-, and 30- foot 
Parshall flumes. 
20-foot model data), A. W. Hall (1959), and R. L. Parshall (1932). 
Based on the authors selection of an equation for the 10-foot Parshall 
flume and the plots in Figure 2 for the 20- and 30-foot Parshall flumes, 
the following free flow equations were obtained: 
for the 20-foot Parshall flume, 
1.59 
Q = 77.00H . 
a 
· (2a) 
and for the 30-foot Parshall flume, 
Q = l13.88H 1.5~ 
· (3a) 
a 
The corresponding equations as given by Parshall (1953) are, respec-
tively: 
Q = 76.25 H 1.60. (2b) a 
Q = 113. 13 H 1. 60 · (3b) a 
Based on the free flow equations of the .10-, 20-, and 30-foot 
Parshall flumes as evaluated by the authors, a general free flow dis-
charge equation was developed for flumes ranging in size from 10 to 
50 feet. The general discharge equation is 
Q = (3.6875 W + 3.25) H 1.59 . . (4a) 
a 
where W is the throat width and Q and H are as previously defined. 
a 
This compares to the general equation developed by Parshall for 
flumes 10 to 50 feet in size where 
Q = (3.6875 W + 2. 5) H 1.6. 
a 
. . . (4b) 
The following tabulation lists the coefficient, C l' for the various 
sizes of flumes . in the free flow equation 
8 
Q = C 1Ha 
1.59 
. (5) 
Size of flume Free flow Size of flume Free flow 
W in feet Coefficient W in feet Coefficient 
10 40.13 25 95.44 
12 47.50 30 113.88 
15 58.56 40 150.75 
20 77.00 50 187.63 
The rating curves developed by the authors for the 10- thru 50-foot 
Parshall flumes are found in Figure 6 thru 13. To illustrate the use of 
these curves, take a 20-foot Parshall fluIne with H equal to 3 . 00 feet. 
a 
Enter froIn the bottoIn of the curve (Figure 9) with the H value of 3.00, 
a 
Inove vertically upward 'until the free flow or 80 percent line (transition 
submergence line as will be explained later) is intersected, and then 
move horizontally to the left to obtain the free flow discharge of 442 cfs. 
9 
10 
ANALYSIS OF SUBMERGED FLOW DATA 
Submerged· flow conditions exist when the d e pth of flow at H b , which 
is a particular referenced point in the throat of a Parshall fluITle, becoITles 
great enough to affect the upstreaITl depth of flow, Ha" Parshall (1953) 
states for large Parshall fluITles (1 0 to 50 feet)'- subITlerged flow conditions 
exist when the ratio of H to H (subITlergence) i s approxiITlately 80 percent. b a 
For submergence values great er than 80 per c ent it becoITles necessary 
to analyze the flow using a subITlerged flow analysis rather than a free flow 
analysis. The ITlethod of subITlerged flow analysis used by Parshall (1953) 
involves the use of Figure 3. FroITl Figure 3, a correction is obtained in 
second-feet per 10 feet of throat width 'w hich ITlust be subtracted froITl the 
free flow d is char ge 0 bta ined for that partie ular value of H. The follow ing 
a 
tabulation gives the ITlultiplying factor for correcting the indicated value 
obtained froITl Figure 3 for various sizes of fluITles. 
Size of fluITle Multiplying Size of fluITle Multiplying 
factor W in feet factor 
10 1 .0 
12 1. 2 
15 1 .5 
20 2.0 






3 . 0 
4 . 0 
5.0 
As an illustration of the use of Figure 3, let it be required to 
measure the discharge thru a 20-foot Parshall fluITle, when H is 3.00 
a 
feet and H is 2.55 feet. 
b The rat io of H /H is 0.85 or 85 percent. b a 
Enter the diagraITl on the lef t with an H v alue of 3.00 feet and ITlov e 
a 
horizontally to the right to the subITlergence line of 85 percent. At this 
6 0 , I I:;; > , > I > I> I> i " , Di > > > > D' > > a > , • I 
4.01 I I I I I 
-' -' -' ", -' -'j,£ I I I I ~ "-'£4:7';;;, I' .1,' II' LI'" VI ,f"~, >"' " H a, f t 201 I I Y'f ... £ I ... ' I ~ ;or :or 
1.0 10 100 400 
Correction t C fs 
Figure 3. Diagram for determining the correction in second-feet per 10 feet of crest width for 
submerged flow discharge. 
~ 
· verticalhr downward to obta in a cor r ection of 8 . 9 cfs per pOint, move J 
10 feet of crest. The mult iplyin g fac tor f or a 2 0 - fo o t flume is 2. 0, 
h t t 1 C orrection for the 2 0 - fo o t Parshall flume is 2 . a x 8.9 or so teo a 
f This correction must be subtrac ted from the free flow 17.8cs. 
discharge through a 20-foo t Parsha 1 fume bas:ed on an upper head, Ha' 
equal to 3. 00 feet. For H equal to 3 . 00 feet, the fre e flow discharge a 
as obtained from the free flow c urv e (Figure 9) is 442 cfs. Henc~, the 
true submerged flow discharge in this example is 442 - 17.8 or 424.2 
cfs. 
From previous work of the authors (Skogerboe , Hyatt, Johnson, 
and England, 1965), submerged flow c an also be analyzed when certain 
flow parameters are known. The parameter s which were first obtained 
by the use of dimensional analysis are subm.e rgence, H /H , change in 
b a 
water surface level, H - H , and the flow rate, Q. When Q is plotted 
a b 
as the ordinate, H - H as the abscissa, and H /H CiS the variable, a 
a b b a 
family of curves for submerge nc e result . 
As previously mentione d, the slope of the fre e flow equation was 
selected as 1.59 based to a great extent on the work of Blaisdell (1944L 
Robinson (unpublished la-fa t Parshall f l ume model data), Ha1l (1959), 
and Parshall (1932. Further reason for the s e l ec t'on of 1.59 as the slope 
of the free flow equation is the fact that the submerged flow equation has 
the same slope as the free flow equation for any particular flume 
(Skogerboe, Hyatt, Johnson, and England, 1965). When the field data 
12 
collected by Parshall (193 2) vvas plotted in the rnanner described above, 
the slope of the fan~ily of cur ve s of subrnerge n c e fit best at 1.59 (Figure 
Submerged flow da a taken from Parshall ( 953) was also plotted 4). 
(Figure 4) using the method mentione d abov e and the slope which best 
fits this data appears to be abo ut 1. 59 or 1.60. Since both the free flow 
data and submerged flow data plot best at a slope of 1.59, it was selected 
rather than the slope of 1.60 used by Parshall. The subrnerged flow 
equation developed frorn the plot in Figure 4 for the 20 -foot Par shall 
flume is 
1.275 [-(logH /H -:-0.0044}] b a 
(6) 
For further illustration of this ~ethod of analyzing subrnerged flow, 
the data available for the 30-foo t Parshall flume was plotted (Figure 5). 
The sources of data were the field data of Parshall (1932) and Hall (1959), 
Parshall's bulletin (1953), and a rating table for a 30-foo t Parshall flume 
(Kimmel and Hall, 1955). Frorn the data plott ed in Figur e 5, the author s 
arrived at a subrnerged flow equation for the 30 -foot flurne of 
Q =: 
70.34 (H _ H 1 . 59 
a b l 
[ -(log H /H -!- 0.0044) ] 
b a 
1.275 (7) 
Figure 5 illustrates that for the higher v alues of subrnergence (90 - 95 
percent) the data of Kirnme and Hall plots lower than t he data of Par shall. 
Also Figures 4 and 5 both show that at the highe r subrnergenc es (95 
percent) the equation gi.ven by the authors gi" es higher dis c harges than 
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re 5. DevelopInent of subInerged flow calibration curves for 30-foot Parshall fluIne. 
information, a dei in ' te con c1.us i ' n c n n t be r eac h e d on the -alidity of 
either. Howev er , the justific a ' on giv en by t h e a u h o rs fo r the equations 
developed can be illustrat ed by equat ing the submerged f l ow equa tion and 
the free flow equation . The f o rm of the e q ua t ions f o r both free and 
submerged flow pr ovides a u n ique s olut' o n f or the va l ue of submergence, 
H /H , at which the transi io n f rom fr e e t o subme rged f l ow oc curs. As 
b a 
an example, t h e equat ions f o r the 30- foo t P arsha ll fume (Equa t' ons 3a 




7 0 . 34 (H ._ H ) . 5 9 
a b 
[ - l og H /J:1. + O. 0044 y ] b a 
. 2 75 
[-(log H /H -:- 0 . 0044 ) ] 1 .2 75 
b a 
= 70. 34 [Ha~:bt · 59 
113 .88 \ ) 
1 . 275 ( Hb) [-(log H /H -:- O. 0044) ] = .6 176 6 1 ~ -
baH 
a 
A solution is obtained by t r ial a nd er l' or . 
1 . 59 
Thus, free flow exists in a 30 - f o o t Parshall f l ume w hen the submergenc e 
is less than 80 percent. F o r submergenc es gre a e r than 80 per c ent , 
submerged flow occurs. The t r a ns ition submerg enc e of 80 per c ent can 
be either f r e e fl ow or subme r g e d f l oTN' . T h e solut ion f t he fre e and 
submerged f low equat ions f o r t h e 20 - f oot P ar s ha l f _urne r e s ul s in a 
transition submerg e c e a - so 0: 8 0 p e rcen . _ a r s hall (1953 s ta t es t he 
trans ition s u bme r enc e f 1'the 1 0 ~ O 50 -foo P r s hall flum es ' s about 
16 
17 
80 percent. Based on this finding, the author s f e el that the submerged 
flow equations developed for the 20 - and 30 - fo o t Parshall flumes are as 
valid as can be expected in v iew of the available data. 
Using the approach to submergence as given by Skogerboe, Hyatt, 
Johnson, and England (1965), and with the data taken from Parshall (1953), 
the equations for large Parshall flumes were developed. The development 
of the equations for these flumes used the transition submergence of 80 
percent as one of the criteria. Hence, all the equations developed for t he 
large Parshall flumes have a transition submergence of 80 percent. The 
bas.ic form of the equations is 
Q = 
C (H -H )1.59 
2 a b 
1 . 275 [-(log Hb/Ha + 0.0044)] 
(7) 
and-the following tabulation lists the coefficient, C 2 , for various sizes 
of flumes: 
Size of Submerged flow Size of Subme r ged flow 
flume c oeffic ient C 2 flume coefficient C 2 
10 24 . 79 25 58.95 
12 29.34 30 70.34 
15 36.17 40 93. 11 
20 47.56 50 115.89 
Based on the submerged flow equations developed for the 20 -foot 
and 3P-foot Parshall flumes, the equations used for the other large 
Parshall flumes, and the fact that the trans ition submergence is 80 
percent in the large flumes, the following general discharge equation 
for submerged flow in Parshall flumes ranging in size from IOta 
50 feet in size was obtained 
o = 
(2.278 W -I- 2.00) (H
a 
- Hb)l. 59 
[ -(log Hb/H a + 0.0044) 1 1 . 275 
where ,0, W, H , and H are as previously defined. 
a b 
(8 ) 
Further verification of the accuracy of the equations developed 
and used by the authors is found in Table 2. Again, Table 2 illustrates 
the point previously made that the higher the submergence value and the 
discharge value, the greater the deviation in the equations developed by 
the authors and the ones given by Parshall. 
T bl 2 C a e omparlson 0 f d 1 eve ope d ec ua lons an dP h 11' ars a s equa lons. 
'( 1 ) (2) (3) (4 ) (5) (6) (7) (8) 
H Hb H /H (Ha - H b ) Discharge, Discharge, Discharge, Deviation a b a 
authors' by current Parshall' is between 
equation meter equation (5) & (7) 
(App. A) 
10 -foot Par shall flume 
~.2l 2.02 91.4 0.19 126.60 123.5 123 . 0 2 . 80% 
2.21 2.08 94.1 O. 13 123.90 118. 1 114.5 7.60% 
. 
1.96 1.79 91 .. 3 0.17 106.40 105.8 102.6 1 . 70% 
1.91 1. 67 87.4 0 . 24 105.60 101.2 104.9 1.60% 
20 -foot Parshall flume 
1.00 0.82 82.0 0.18 75.15 74.5 75 . 4 0.33% 
:1.55 1.50 96.8 0.05 122,30 119. 1 118.0 3.50% 
2.08 1 , 86 89.4 0.22 227.20 227.0 225.0 0.97% 
1. 57 1.31 83.4 0.26 153.60 155.9 153.8 0.10% 
2.07 1.80 87.0 0.27 232.60 249.5 230.8 0.73% 
18 
From the equations developed by the authors, submerged calibration 
Curves have been developed for the flumes 10 · to 50 feet in size (Figure 
6 thru 13). To illustrate the use of these Figures, consider a 20-foot 
flume with an upstream head, H , of 3 . 00 feet and H equal to 2.55 feet. 
a b 
The ratio of .Hb/Ha is 0 .. 85, a nd the differenc e betwe e n Ha and Hb is 




) value of 0.45 and mov e 
vertically upward until the 85 percent submergence line is intersected. 
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Figure 8. Free and submerged flow calibration curves for 15 -foot Parshall flume. 
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igUl'e 9. Free and submerged flow calibration curves for 20 -foot Parshall flume. 
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Ure 11. Free and submerged flow calibration curves for 30-foot Parshall flume. 
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Figure 12. Free and submerged flow calibration curves for 40-foot Parshall fl ume. 
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igure 13. Free and submerged flow calibration curves for 50-foot Parshall flume. 
SUMM-~RY 
Parshall flumes of large size (10- to 50-foot throat widths) 
provide a means of reliable measurement of flows from 10 to 3,000 
cfs . 
The free flow data available to the authors was analyzed and found 
to be compatable with the analysis made by R. L. Parshall (1932) . The 
resulting general free flow equation developed was 
Q = (3.6875 W -:- 3.25) H 1.59 
a 
Utilizing the method of submerged flow analysis developed at Utah 
State University (Skogerboe, Hyatt, Johnson, and England, 1965) and 
the submerged flow data available to the authors, the general submerged 
flow equation developed was 
Q = 
(2.278 W -:- 2.00) (H _ H )1 . 59 
a b 
[-(log H /H + 0.0044)] 1.275 
b a 
When the general equations developed for fre e flow and submerged 
flow are equated for any large Parshall flume (10- to 50-foot) the 
transition point from free to submerged flow occurs at 80 percent. The 
developed free and submerged flow equat ions give very close agreement 
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F .IELD DATA FROM BULLETIN, "PARSHALL FLUMES 
OF LARGE SIZE," BY R. L. PARSHALL (1932). 
Appendix A is a comparison of discharges obtained from current 
meter measurements with amounts computed by Par shall's formula, for 
Parshall measuring flumes of various throat widths. These comparisons 
were taken from, "Parshall Flumes of Large Size," by R. L. Parshall, 
Bulletin 386, Colorado Agricultural Experiment Station, Fort Collins, 
Colorado, May, 1932. 
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FOR T BENT CANAL·, 1 O-foot flume 





































Current Computed Difference 
meter 
Feet Percent Sec. -ft. Sec . -ft. Sec. -ft. 
'" '" .... ...... '" 
227.1 26.5 0.6 
.. '" '" '" '" '" '" '" 
27.8 27.0 0.8 
'" '" '" '" '" '" '" '" 
27.7 27.0 0.7 
'" '" '" '" '" '" '" '" 
29.6 29.2 0.4 
'" '" '" '" '" '" '" .. 
28. 7 29.2 0.5 
'" '" .... '" '" '" '" 
28.7 28.7 0.0 
LAS ANIMAS CONSOLIDATED CANAL, 10 foot flume -
'" '" '" '" '" '" " '" 
49.5 49.3 0.2 
.. '" '" '" '" '" .. '" 
4 96 . 1 92.9 3.2 
'" '" .... 
'" '" '" " 
120.4 118.4 2.0 
'" ...... '" '" .... 50.2 49.9 0.3 
'" . '" .. .. '" .. '" 13.0 12.2 0.8 
'" . '" '" .... '" '" 
14.3 13.4 0.9 
, . . .. 
'" '" '" '" 
10 . 5 10.2 0.3 
. '" .. .. '" ... 127.6 124.2 3.4 
'" ... '" .. " .. 51.4 51.3 0.1 
. '" .. .... '" 54.2 54. 1 O. 1 
.. '" . '" '" . '" '" 
42.9 45.3 / 2.4 
PINE RIVER CANAL, 1 O-foot flume 
I 25.8 I 26.5 I 0.7 I 
92.4 87.8 1 4.6 
HOLBROOK RESERVOIR OUTLET, l 'O-foot flume! 
2.02 91.4 123.5 123.0 0.5 
2.08 94.1 118. 1 114.5 3.6 
1.79 91.3 105.8 102.6 3.2 
1.67 87 : 4 101.2 104.9 3.7 
- -
I OTERO CANAL, 12 fopt flume .j 
'" '" '" .. '" .... '" 
24 ~ 4 24.1 0.3 
.... " '" '" '" '" '" 
97.0 96.2 0.8 
'" '" '" '" '" '" '" '" 
39.4 40.9 1.5 
'" .. '" '" '" '" '" .. 
71.7 69.4 2.3 
'" '" '" '" '" '" '" '" 
50.0 49.0 1.0 
! 48.4 47.5 0.9 j", '" .. .. '" .... 
.... '" '" .. '" .. '" 
45.8 49.8 4.0 
'" '" '" .. ...... '" 
4&.l 46.8 0.5 
'" .... '" .. '" .... 61 , 6 63.4 1.8 










































H ,l-Ib a 
Feet Feet 
2.07 · ... 
1. 66 · ... 
1, 34 · ... 
0.78 · ... 
0 . 89 · ... 
D.89 · ... 
0 . 95 . " .. 
0 ~ 93 · ... 
0.66 · ... 
1. 19 · ... 
1. 19 · .. , 
1.04 · .. . 
0.86 · . . . 
1.28 · . . . 
1. 44 · ... 
1.70 
2 . 48 1.74 
1 . 77 · . . . 
1. 73 · ... 
11. 71 
I 0.52 
1. 27 0.86 
1. 35 1.23 
Ratio Discharge Current 
H,b/H-a Computed Difference meter 
Percent Sec . -ft . Sec. -ft. Sec. -ft. 
· ... 148.9 6 149 . 7 0.8 
· . . . 106.6 105.2 1.4 
· ... 74.1 74 .' 7 0.6 
· . . , 31 . 3 31.4 0.1 
BOX ELDER CREEK, 12-foot f1ume 3 
• • • t 3.7.6 .. ~8. 7 '1.'~) 
· ... 38.8, ~8 .. 7 . 0 .. 1 
· ... 42.1 43. 1 1.0 
· ... 41.9 41.6 0.3 
· ... 24.3 24.0 0.3 
· .. , 60.3 61.8 1.5 
· ... 61.0 61 . 8 0.8 
· ... 48.4 49.8 1.4 
· ... 38. 1 36.7 1.4 
· ... 72.7 69.4 3.3 
· ... 87.4 83.8 3.6 
PINE RIVER, 12 -foot flume 
I 110.7 l 109.3 I 1.4 
CATLIN CANAL, 12-foot flume 8 9 
70.0 I 195.0 I 200.0 I 5.0 
ROCKY' FORD CANAL, 12-foot flume 8 
· ... 114. 1 116.5 2.4 
· ... 109.7 112.3 2.6 
30. 0 108.2 110.2 2.0 
68.0 68.9 68.4 0.5 
91. 1 66 . 5 68.6 2 . 1 








68.6 1 . 7 





See footnotes at end of table. 
15 -foot flume 8 
82.6 0.4 
110 . 6 1.2 






























ROCKY FORD HIGHLINE CANAL, 15-foot flume 8 
Heads Ratio Discharge Deviation H Hb CurJ:~!lt a Hb/Ha Computed Difference meter 
Feet Feet Percent Sec. -ft. Sec. -ft. Sec. -ft. Percent 
0.85 · ... · ... 45.5 44.6 0.9 +2.0 
4.61 4.37 94.8 11463.7 478.5 13.8 
-2.9 
1. 39 0.26 19~0 12 100 . 8 97.9 2.9 +3.0 
HOLBROOK CANAL, 20 -foot flume 13 
1. 00 0.82 82.0 1474.5 75.4 0.9 -1 : 2 
2.65 2.58 97.4 248.0 249.5 1.5 -0.6 
0.84 · ' ... · ... 55.8 57.7 1.9 -3.3 
1.57 1.31 83.4 155.9 153.8 2. 1 +1.4 
2.30 1.81 78.8 287.4 289.1 1 . 7 -0.6 
0.93 0.43 46.2 66.8 67.9 1. 1 -1.6 
0.88 · ... · ... 63. 1 62. 1 1.0 +1.6 
1.08 0.38 35.2 88.3 86.2 2.1 +2.4 
1.43 1. 10 77.0 139.0 135.2 3.8 +2.8 
1.00 0.25 25.0 77.2 76.3 0.9 +1.2 
3.40 2.14 63.0 547.5 540.3 7.2 +1.3 
3.45 2,79 81.0 15 546.0 544.8 1.2 +0.2 
3.03 2. 14 70.7 453.4 449.8 3.6 +0 . 8 
3.31 2.08 62.8 529.9 517.6 12.3 +2.4 
2.27 0.74 32.6 272.7 283.1 ' 10.4 -3.7 
1.56 0.50 31.8 161.6 155.3 6.3 +4.0 
1.57 0.60 38.2 160.2 156.9 3.3 +2.1 
1.42 1. 15 81.0 130.0 132.2 2.2 -1. 7 
16 
2.08 1.86 89.4 227.0 225.0 2.0 +0.9 
2.07 1.80 87.0 249.5 230.8 18.7 +8. 1 
1. 71 1.24 72.5 178.0 179.9 1.9 -1. 1 
1.55 1.50 96.8 119. 1 118.0 1 . 1 +0.9 
1.94 1.87 96.4 1 74.1 167.2 6.9 +4.1 
4.97 4.68 94.2 757.2 727.0 30.2 +4.1 
2.36 2.13 90.3 280.7 269.0 11. 7 +4.3 
1.-.8.0 .. . 11 ~ 1 . . . . 83 19 . . . . . .1 .9.6. 1. . . 190.3 ... ~! 8 . . . +3 ! 0 
3.55 3.16 89.0 504.0 521.0 17.0 -3.3 
~ 
ANTERO RESERVOIR OUTLET, 20 -foot flume 8 
2. 04 1 . 41 69. 0 1 17238. 9 I 238. 6 O. 3 +0. 1 
BIJOU CANAL, 20 -foot flume 8 
2.53 2.33 92.1 289.0 288 . 0 1.0 +0.3 
1. 00 0.26 26.0 76.8 76.2 0.6 +0.8 
1.35 0.66 48.9 18 125 . 3 123.2 2. 1 +1.7 
See footnote s at end of table. 
COLORADO CANAL, 30-foot flume 8 
Heads Ratio Discharge 
H Hb Current 
Deviation 
a Hb/Ha Computed Difference meter 
Feet Feet Percent Sec. -ft. Sec. -ft. Sec. -ft. Percent 
2.29 1.57 68.6 426.4 425.9 0.5 +0. 1 
3.66 3.27 89.4 19802 .6 803.0 0.4 -0. 1 
1.93 0.67 34.8 325.3 - 324'00 1.3 +0 . 4 
FOR T LYON CANAL, 40 -foot flume 13 
1.29 · ... · ... 222.7 225.1 2.7 -1.2 
0.92 · ... · .. " 129.6 131.3 1.7 -1.3 
1.45 · ... · ... 276.0 271 .. 8 4.2 +1 . 5 
1.46 · ... · ... 278.9 274 . 8 4.1 +1.5 
1.60 · ... · . .. 324.9 318.2 6.7 +2. 1 
1.14 · ... · ... 184.9 185.0 O. 1 -0.5 
1.85 0.12 6.5 410.2 401.4 8.' 8 +2.2 
2.37 0.74 31.2 595.4 596.6 1.2 -0.2 
1. 11 · ... · ... 20 176 . 5 177.3 0.8 -0.5 
2.80 1.30 46.5 774. 1 779.0 4.9 -0.6 
2.77 0:95 34.3 751.8 765.7 13.9 -1.8 
4.21 , ... · ... 1464.0 1496.0 32.0 -2.1 
3.43 2.00 58:3 1054.0 1077.8 23.8 -2.2 
1.39 · ... · ... 260.3 254. 1 6.2 +2.4 
1.25 · ... · ... 214.5 214.4 O. 1 +0.5 
1.08 · ... · ... 165.9 169.5 3.6 -2. 1 
2. 91 · ... · ... 829.6 · 828.5 1. 1 +0.1 
3.08 · ... · ... 916.5 907.3 9.2 +1.0 
3.49 · ... · ... 1107. 1 1108.2 1. 1 -0. 1 
3.85 1. 1 7 30.4 1305.4 1296.7 8.7 +0.7 
4.00 1.31 32.8 211390.3 1378.5 11.8 +0.9 
3 . 19 . , ... · ... 974.0 959.7 14.3 +1.5 
1.7S · ... · ... 386.7 377.4 9.3 +2.5 
1 14 
2Staff gage i~ stilling well. 15Figure 2. 
3Figure 24. Figure 16. View taken Aug. 6, 
4Staff gage on flume wall. 1930;H~::;3.44. ~t. ; H b;:2 . 7
05ft., 
5Figure 1. submergence = 80 perc~nt; 
6 Poor gaging conditions. 16 discharg.e = 550 sec. ft. 
7Figure 25. Value doubtful. 
8H gage checked July, 1931, and found to be 0.06 high. 
9H~ads indicated by instrument illustrated in Figure 21. 
10Figure 26. t ~Figure 12. 
11Figure 27. 19Frontispiece. 
12Figure 11. 20Figure 8. 
13Figure 10. 21Fi~ures 4 and 5. 




RATING TABLE AND FIELD DATA FOR TRI-COUNTY 
. SUPPLY CANAL DIVERSION FROM PLATTE RIVER 
Appendix B contains the rating table of the Tri-County Supply 
CJlnal Diversion from Platte River 30-foot Parshall Flume at Mile 3 . 6 
as compiled by E. S. Kimmel of the Nebraska Bureau of Irrigation and 
A. W. Hall of the Central Nebraska Public Power and Irrigation District 
which is dated March 19, 1955. Also, Appendix B contains the field data 
for the same structure as gathered by A. W. Hall which was listed on a 




S b u mergence 
Ha F.F. 76% 77% 78% 79% 80% 81% 82% 83% 84% 
3.00 610 604 598 ~592 586 580 572 564 556 548 
· 1 645 638 631 624 617 610 602 594 586 578 
· 2 680 672 664 656 648 640 632 624 616 608 
· 3 715 707 699 691 683 · 615 666 657 648 639 
.4 750 742 734 726 718 710 700 690 680 670 
3.5 790 781 772 763 754 745 734 723 712 701 
· 6 830 820 810 800 790 780 769 758 747 736 
· 7 870 859 848 837 826 815 804 793 782 771 
· 8 910 898 886 874 862 850 839 828 817 806 
.9 950 938 926 914 902 890 878 866 85 4 842 
4.00 990 978 966 954---.' 942 930 917 904 891 878 
· 1 1030 1017 1004 991 978 965 952 939 -g2'6 913 
· 2 1075 1061 1047 1033 1019 1005 991 977 963 949 
.3 1120 1105 1090 1075 1060 1045 1030 1 Q15 1000 985 
.4 1165 1149 1133 1117 1101 1085 1069 1053 1037 1021 
4.5 1210 1192 1174 1156 1138 1120 1104 1088 1072 1056 
.6 1255 1237 1219 1201 1183 1165 1148 1131 1114 1097 
.7 1300 1282 1264 1246 1228 1210 1192 1174 1156 1138 
.8 1345 1326 1307 1288 1269 12S0 1232 1214 1196 1178 
.·9 1390- 1371 1352 1333 1314 1295 1276 1257 1238 1219 
5.00 1440 1420 1400 1380 1360 1340 1320 1300 1280 1260 
· 1 1490 1469 1448 1427 1406 1385 1364 1343 1322 1301 
.2 1540 1518 1496 1474 1452 1430 1408 1386 1364 1342 
.3 1590 1567 1544 1521 1498 1475 1452 1429 1406 1383 
.4 1640 1616 1592 1568 1544 1520 1496 1472 1448 1424 
5.5 1685 1661 1637 1613 1589 1565 1541 1517 1493 1469 
· 6 1735 1710 1685 1660 1635 1610 1586 1562 1538 1514 
· 7 1785 1760 1735 1710 1685 1660 1634 1608 1582 1556 
· 8 1835 1809 1783 1757 1731 1705 1679 1653 1627 1601 
· 9 1885 1858 1831 1804 1777 175-0 1724 1698 1612 1646 
6.00 1940 1912 1884 1856 1828 1800 1772 1744 1716 1688 
· 1 1990 1967 1934 1906 1878 1850 1821 1792 1763 1734 
· 2 2045 2016 1987 1958 1929 1900 1870 1840 1810 1780 
· 3 2100 2070 2040 201~ 1980 1950 1920 1890 1860 1830 
.4 2155 2124 ~2Q9i'3 2062 2031 2000 1968 1936 1904 1872 
6.5 2210 a178 2146 2114 2082 2050 2017 1984 1951 1918 
· 6 2265 2232 2199 2166 2133 2100 2066 2032 1998 1964 
· 7 2150 2116 2082 2U48 2014 





RAT ING T,ABLE Continued) 
Subm~rg~nc e 
Ha 85% , 8'60/0 87% 88% 89% 90% 90 1/2% 91% 91 1/2% 
3.00 540 1 53,0 520 510 500 490 482 475 467 
· 1 570 560 550 540 530 520 511 503 495 
.2 6'00 589 578 567 556 545 537 530 522 
.3 630 619 608 597 586 575 568 560 553 
,4 660 648 636 624 612 600 593 586 580 
3.5 690 678 666 654 642 630 622 615 607 
.6 725 712 699 686 673 660 653 645 638 
· 7 760 746 732 718 704 690 682 675 667 
· 8 795 780 765 750 735 720 711 703 695 
. 9 8310 814 798 782 766 750 741 733 725 
4.00 865 849 83 3 817 80 1 785 776 767 758 
· 1 ' 900 883 866 849 832 815 806 797 787 
.2 935 917 899 881 863 845 836 827 817 
· 3 970 951 932 913 894 875 866 857 848 
.4 1005 986 967 948 929 910 900 890 880 
4 . 5 1040 1021 1002 983 964 945 935 925 915 
.6 1080 1060 1040 1020 1000 980 969 958 947 
· 7 1120 1100 1080 1060 1040 1020 1008 995 982 
· 8 1160 1139 1118 1097 1076 1055 1042 1028 1015 
.9 1200 1178 1156 1134 1112 1090 1077 1063 1050 
5.00 1240 1217 1194 11 71 1148 1125 1111 1097 1082 
· 1 1280 1256 1232 1208 1184 1160 1145 1130 1115 
.2 1320 1296 1272 1248 1224 1200 1184 1168 1152 
.3 1360 1334 1308 1282 1256 1230 1215 1200 1185 
.4 1400 1374 1348 1322 1296 1270 125$ 1237 1220 
5.5 1445 1417 1389 1361 1333 1305 128S 1271 1255 
.6 1490 1460 1430 1400 1370 1340 1323 1306 1290 
.7 1530 1500 1470 1440 1410 1380 1362 1·343 1325 
.8 1575 1544 1513 1482 1451 1420 1400 1381 1362 
.9 1620 1587 1554 1521 1488 1455 1435 1416 1397 
6.00 1660 1626 1592 1558 1524 1490 1470 1450 1430 
· 1 1705 1670 1635 1600 1565 1530 1510 1489 1468 
.2 1750 1714 1678 16'42 1606 1570 1547 1526 1504 
.3 1800 1762 1724 1686 1648 1610 1590 1567 1544 
.4 1840 1802 1764 1726 1688 1650 1626 1602 1579 
6.5 1885 1846- 1807 1768 1729 1690 1665 1640 1615 
.6 1930 1889 1848 1807 1766 1725 1700 1676 1652 
· 7 1980 1937 1894 1851 1808 1765 1740 1714 1688 
.8 2030 1985 1940 1895 1850 1805 1780 1754 1728 
· 9 2075 2029 1983 1937 1891 1845 1817 1790 1762 
7.00 2120 2073 2026 1979 1932 1885 1857 1829 1802 
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RATING TABLE (Continued) 
Submergence 
Ha 92% 921/2% 93% 93 1/2% 94% 941/2% 95% 95 1/20/0 
3.00 460 452 445 432 420 405 390 380 
· 1 486 478 470 457 445 435 420 405 
· 2 515 507 500 485 470 457 445 430 
· 3 545 538 530 515 500 485 470 455 
.4 573 567 560 542 525 510 495 478 
3.5 600 592 585 567 550 535 520 502 
· 6 630 623 615 597 580 563 545 527 
· 7 660 652 645 627 610 590 570 550 
· 8 686 678 670 653 635 615 595 577 
. 9 716 708 700 683 665 642 620 602 
4.00 748 739 730 713 €>95 672 650 630. 
t 1 778 769 760 743 725 700 675 655 
.2 808 799 790 770 750 725 700 680 
· 3 838 829 820 800 780 755 730 707 
.4 870 860 850 830 810 783 755 732 
4.5 905 895 885 8&2 840 810 780 757 
.6 937 926 915 892 870 840 810 785 
· 7 970 958 945 922 900 870 840 813 
.8 1002 988 975 950 925 895 865 838 
.9 1037 1023 1010 983 955 922 890 863 
5 . 00 1068 1054 1040 · 1013 98£ 952 920 890 
· 1 1100 1085 1070 1043 1015 980 945 915 
.2 1137 1121 1105 1078 1050 1013 975 942 
.3 11 70 1155 1140 1110 1080 1040 1000 967 
.4 1203 1187 1170 1140 1110 1070 1030 995 
5 . 5 1238 1222 1205 1172 1140 1100 1060 1023 
.6 1273 1257 1240 1205 1170 1127 1085 1050 
.7 1306 1288 1270 1235 1200 1157 1115 1077 
.8 1343 1324 1305 1267 1230 1185 1140 1105 
.9 1378 1359 1340 1307 1265 1218 . 1170 1135 
6.00 1410 1390 1370 1332 1295 1248 1200 1160 
· 1 1447 1426 1405 1365 1325 1278 1230 1190 
.2 1483 1461 1440 1400 1360 1310 1260 1217 
. 3 1521 1498 1475 . 1432 1390 1340 1290 1245 
.4 1556 1533 1510 1465 1420 1370 1320 1275 
6 . 5 1590 1565 1540 1495 1450 1400 1350 1 '3.0 5 .. 
· 6 1628 1604 1580 1533 1485 . 1432 1380 1333 
· 7 1662 1636 1610 1563 1515 1460 1405 1358 
· 8 1702 1676 1650 1600 1550 1490 1430 IIl85 
. 9 1735 1707 1680 1630 1580 1520 1460 1413 
7.00 1775 1747 1720 1665 1610 1550 1490 ~ 1440 
40 
RATING TABLE (Continued) 
pubmergence 
Ha 9'6% 96 1./ 2% 97% .97 1/2% 98% 98 1/2% 99% 
3.00 370 365 360 350 340 -330 320 
· 1 395 385 375 365 355 345 335 
.2 415 405 395 385 370 360 350 
· 3 440 427 415 402 390 377 365 
.4 460 437 435 420 405 393 380 
3 , 5 485 470 455 432 420 407 395 
.6 510 492 475 455 435 420 405 
· 7 530 515 500 475 450 435 420 
.8 560 540 520 495 · 470 450 430 
.9 585 562 540 517 485 462 440 
4.00 610 585 560 530 500 478 455 
· 1 635 608 580 547 515 495 470 
.2 660 630 600 567 535 507 480 
.3 685 652 620 585 550 520 490 
.4 710 675 640 602 565 532 500 
4.5 735 700 665 625 585 547 510 
.6 760 722 685 642 600 560 520 
· 7 785 745 705 660 615 575 530 
.8 810 770 730 682 635 587 540 
.9 835 792 750 700 650 600 550 
5 . 00 860 815 770 720 670 615 560 
· 1 885 840 795 740 685 628 570 
.2 910 862 815 757 700 640 580 
· 3 935 885 835 777 720 652 585 
.4 960 910 860 797 735 665 595 
5.5 985 932 880 817 755 678 600 
· 6 1015 960 905 837 770 690 610 
· 7 1040 982 925 857 790 702 615 
· 8 1070 1010 950 877 805 708 620 
· 9 1095 1032 970 895 820 722 625 
6.00 1120 1057 995 918 840 735 630 
· 1 1150 1085 1020 937 855 745 635 
.2 1175 1107 1040 957 875 758 640 
· 3 1200 1127 1065 977 890 768 645 
.4 1230 1157 1085 998 910 780 650 
6.5 1260 1185 1110 1017 925 790 655 
.6 1285 1210 1135 1040 945 800 660 
.7 1310 1235 1160 1062 965 815 665 
.8 1340 1260 1180 1080 980 825 670 
.9 1365 1285 1205 1105 1000 837 675 





Ha Hb /Ha=0.80 Hb /Ha=0.85 Hb /Ha=0.90 Hb /Ha=0.92 Hb /Ha =0.95 Hb /Ha=0.98 
3.00 620 600 580 530 430 210 
4 . 00 940 870 825 750 630 430 
5.00 1320 1215 1135 1025 885 685 
6.00 1765 1620 1505 1370 1200 980 
7.00 2240 2070 1925 1770 1570 1295 
APPENDIX C 
UNPUBLISHED DATA FROM 10- AND 20-FOOT 
PARSHALL FLUME MODEL STUDIES BY A. R. ROBINSON 
The 10 -foot model was constructed on a 1: 5 scale and the 20 -foot 
model was constructed on a 1: 1 0 scale. In the nomencla~ure the symbol 
"m" denotes model characteristics and "p" prototype characteristics. 
42 
43 
MODEL DATA FOR 10-FOOT PARSHALL FLUME 
Run Qm. (Ha)m. (Ha)p (Hb)m. (Hb)p Hb/Ha Qp 
1 7.570 0.879 4.395 0.619 3.095 70.4 423 . 00 
2 7.550 0 . 876 4. 380 0.620 3. 100 70.8 422.00 
3 6.380 O. 783 3.915 0.525 2 . 625 67.0 357.00 
4 5.490 0.712 3.560 307 000 
5 4.510 0.627 3.135 252 . 00 
6 3.460 d.530 2.650 193.00 
7 2.460 0.428 2. 140 138.00 
8 1.585 0.325 1.625 88.60 
9 7.010 0.832 4.160 392 . 00 
10 7.020 0.839 4. 195 0.608 3.040 72.5 392.00 
11 7 ~ 020 0.872 4 : 360 0 . 670 3 . 350 76 . 8 392 000 
12 7.020 0.892 4 . 460 0.707 3 . 535 79.3 39 2. 00 
13 7.020 0 . 948 4. 740 0.805 -{! .' ·02 5 84 . 9 39 2 . 00 
14 6 . 960 1.000 5.000 0 . 888 4 . 440 88.8 389·00 
15 6.980 1 . 190 5.950 1 . 124 5.620 ' 94 . 4 390.00 
16 7 . 030 1 . 049 5 . 245 0.951 4 . 755 90 . 6 393 . 00 
17 7 . 040 0 . 946 4 . 730 0.798 3 . 990 84 . 4 394.00 
18 7.000 0.87 3 4 . 365 0.666 3 . 330 76 . 3 391 . 00 
19 7.000 0 . 902 4.510 0.714 3 . 570 79.2 391.00 
20 4.980 0 . 670 3.350 I 278.00 
21 4 . 980 . 0.670 3.350 278.00 
22 4.970 ... 0.701 3.505 0.-521 2 . 605 74.3 278.00 
23 4 . 950 0 . 728 3.640 0.583 2.915 80 . 1 277.00 
24 4.970 0.762 3.810 0.646 3.230 84.8 278.00 
25 4.980 0 . 799 3.995 0 , 706 3.530 88.4 278 . 00 
26 4.970 0.965 4.825 0.916 4.580 94:9 278.00 
27 4.970 0.835 4.175 0.759 3.745 90.9 278.00 
28 4.970 O. 764 3.820 0 . 652 3 . 260 85 . 3 278 . 00 
29 4. 980 0.728 3.640 0.578 2.890 79.4 278.00 
30 4. 970 O. 708 3. 540 0.531 2.655 75.0 278.00 
31 3.010 0.487 2.435 168.30 
32 3.020 . 0.488 2 . 440 168.82 
33 3.020 0.522 2. 110 0.396 1.980 75.9 168.82 
34 3.010 0.531 2.655 0.422 2.110 79.5 168.26 
35 3.010 0.552 2.760 0 . 470 2.350 85.1 168 . 26 
36 3.000 0.609 3.045 0.557 2:785 91 : 5 167.70 
38 3.000 0.658 3 . 290 0.622 3. 110 94.5 167.70 
39 3.000 0.601 3.005 0.552 2 .760 91.8 167.70 
40 3.010 0.576 2.880 0. 506 2.530 87,8 168 . 26 
4l 3.010 0 . 546 2.730 0. 465 2.325 85.3 168 . 26 
44 
MODEL DATA FOR 10-FOOT PARSHALL FLUME (Continued ) 
Run Qm (Ba)m Ha p (Hb)m (Hb)p Hb/Ha Qp 
42 3.020 0.522 2.610 0.403 2.015 77.2 168.82 
43 3.010 0.54 1 .705 0.446 2.230 82.4 168.26 
44 2.050 0.387 1.935 114.60 
45 2.050 0.387 1 . 935 114.59 
46 2 . 050 0.409 2.045 0 . 312 1.560 76.3 114 . 59 
47 2.040 0.402 2.045 0.292 1.460 72.6 114.04 
48 2.050 0.415 2.075 0.323 1.615 77.8 114.59 
49 2.040 0 .449 2. 245 0.409 2.045 91. 1 114.04 
50 2.040 0.427 2.135 0.358 1.790 83.8 114 . 04 
51 2.060 0.56 7 2.835 0.546 2.730 96.3 115.15 
52 2.050 0.505 2.525 0.475 2.375 94.1 114.59 
53 2.050 0.443 2.215 0.389 1.945 87.8 114.59 
54 2.030 0.418 2.090 0.346 1.730 82.8 113.48 
55 2.030 0.402 2.010 0.300 1.500 74.6 113.48 
56 1.496 0.313 1.565 83.60 
57 0.600 0. 178 0.890 33.50 
58 0.939 0 . 236 1 . _8 0 52.40 
59 0.957 0.237 1 . 185 53.40 
60 0.953 0 .35 0 1.750 0 . 338 1.690 96 . 6 53.27 
61 0.952 0.256 1.280 0.211 1.055 82.5 53.22 
62 0.965 0 . 287 1. 435 0.268 1.315 91.7 53 , 94 
63 0.964 0.243 1.21 5 0.175 0.875 72.0 53.89 
64 0.963 0,248 1 . 24 0 0.194 0.970 78 . 3 53.83 
65 0.95 1 0.26 7 1', 335 0.230 1. 150 86.2 53 .1 6 
66 0.963 0.247 1 . 2 35 0.187 0.935 75.7 53.83 
67 0.95 1 0.342 1 .710 0.329 1.645 96.3 53.16 
68 0.951 0.282 1.410 0.255 1.275 90.5 53.16 
69 0.954 0 .250 1.250 0.201 1.005 80.5 53.33 
70 0.954 0.244 1.220 O. 181 0.905 74.2 53.33 
71 0.954 0.262 1.310 0.222 1. 110 84.8 53 . 33 
72 0.245 0.099 0.495 13.70 
73 0.199 0.085 0 . 425 11. 10 
74 0.150 0.071 0.355 8 .40 
75 0.254 o. 096 0.480 14.20 
76 0.254 0.097 0 . 485 14.20 
77 0.253 0.097 0.485 4.14 
78 0.253 0.102 0.510 0.073 0.365 71.5 14.14 
79 0.255 0.109 0.545 0.087 0.435 79.8 14.25 
80 0.255 0.117 0.585 0.102 0.510 87 . 2 14.25 
81 0.255 O. 110 0.550 0.084 0.420 76.4 14.25 
45 
MODEL DATA FOR l O-FOOT PARSHALL FLUME (Continued) 
Run Q
rrl (Ha rrl (Ha)p (Hb rrl (Hb)p Hb/Ha Qp 
82 0.255 O. 1 0 0.550 0.092 0 .46 0 83.6 14.25 
83 0.255 O. 2 7 0 .635 0. 11 6 0.580 91.4 14.25 
84 0.255 0.124 0.6 2 0 O. III 0.555 89.6 14. 25 
85 0.25 1 0. 145 0.7 25 0.137 0.685 94.5 14.03 
86 0.275 0.105 0.5 25 15.40 
87 0.275 O. III 0.555 0.089 0.445 80.2 15.37 
88 0.275 0.105 0.525 15.37 
89 0.275 0.118 0 , 590 0.100 0.500 84 . 7 15.37 
90 0.275 0 .128 0.640 O. 11 7 0.5 .., 91.5 15.37 
91 0.274 0. 158 0.790 0 .1 49 0.745 94.3 15.32 
92 0.274 0.126 O. 630 O. 113 0.565 89.8 15.32 
93 0.274 0 .1 07 0.535 0 . 073 0.365 68.2 15.32 
94 0.274 O. 110 0.550 0.083 0.415 75.4 15.32 
100 0.274 O. 112 0.560 0.092 0.460 82 . 1 15.32 
46 
MODEL DATA FOR 20-FOOT PARSHALL FLUME 
Run Om (Ha)m (Ha}p (Hb m (Hb)p Hb/Ha Qp 
, 
1 7.570 0.844 8.44 0.666 6.66 78.9 2393.00 
2 7 ~55 0 0.842 8.42 0.667 6.67 79 .2 2387.00 
3 6.380 0.752 7.52 0.570 5 . 70 75.8 2017.00 
4 5.490 0.686 6.86 0.490 4.90 71.4 1736 . 00 
5 4.510 0.605 6.05 0.393 3.93 65.0 1426.00 
6 3.460 0.520 5.20 1094.00 
7 2.460 0.4 12 4.12 777 . 80 
8 1.585 0 . 315 3.15 501.20 
9 7.010 0.802 8. 02 2217.00 
10 7.020 0.811 8. 11 0.652 6.52 80.4 2220. 00 
11 7.020 0.849 8.49 O. 727 7.27 85.6 2220. 00 
12 7.020 0.871 8 . 71 O. 759 7.59 87.1 2220.00 
13 7 . 020 0.92 9 9.29 0.891 8 . 51 91.6 2220.00 
14 6.960 0.986 9.86 0.925 9.25 93.8 2201.00 
15 6.980 1 . 181 11.81 1.149 11 . 49 97.3 2207.00 
16 7.030 1 . 035 10 . 35 0.987 9.87 95.4 2223.00 
17 7.040 0.927 9 .27 0 . 850 8.50 91 . 7 2226 .00 
18 7.000 0 , 850 8.50 0.730 7.30 85.9 2213.00 
19 7.000 0.877 8.77 0.772 7.72 88 . 0 22 13. 00 
20 4.980 0.646 6.46 1575.00 
21 4.980 0.647 6.47 0.454 4.54 70.2 1575.00 
22 4.970 0.68 1 6 . 81 0 . 571 5.71 83.8 1572.00 
23 4.950 0.7 11 7 .11 0.628 6. 28 88.0 1565.00 
24 4.970 0.747 7.47 0.683 6.83 91.4 1572 . 00 
25 4.980 0.787 7.87 0 . 734 7 . 34 93.3 1575.00 
26 4 . 970 0.958 9.58 0.929 9. 2 9 97 . 0 1572.00 
27 4.970 0.824 8.24 0.782 7.82 94.9 1572.00 
28 4.970 0.750 7 .5 0 0.687 6.87 91.6 1572.00 
29 4.980 0.711 7. 11 0.625 6. 2 5 87.9 1575.00 
30 4.970 0.688 6.88 0.577 5.77 83.9 1572.00 
31 3.010 0.471 4.71 952. 00 
32 3.020 0.471 4. 71 954.92 
33 3.020 0.509 5.09 0.432 4.32 84.9 954.92 
34 3.010 0.519 5.19 0.449 4.49 86 . 5 95 1 .76 
35 3.010 0.531 5.31 0.487 4.87 91.7 95 1. 76 
36 3.000 0.599 5.99 0.566 5.66 94.5 948. 60 
38 3.000 0.65 2 6.52 0 . 629 6.29 96.5 948.60 
39 3.000 0.591 5.91 0.55~ 5.54 93.7 948. 60 
40 3.010 0.566 5.66 0.515 5.15 91.0 951.76 
41 3.010 0 .5 35 5.35 0.484 4.84 90.5 951 . 76 
47 
MODEL DATA FOR 2 0 - FOOT PARSHALL FLUME (Continued) 
. . 
Run C4n (Ha)In (Ha p (Hb In (Hb}p Hb/Ha Q p 
42 3.020 0 . 50 9 5.09 0.439 4.39 86.2 954.9 2 
43 3.010 0.530 5.30 0.478 4.79 90.2 95 1 .76 
44 2.050 0.374 3.74 648.20 
45 2.050 0.374 3.74 648. 21 
46 2.050 0.399 3 .99 0.331 3 . 3 1 83 . 0 648.2 1 
47 2. 040 0 .39 1 3. 9 0 .32 0 3.20 8 1. 8 645.05 
48 2 . 050 0 .405 4.05 0.347 3 . 47 85.7 648.21 
49 2.040 0.490 4.90 0.403 4.03 9 1 .6 645 . 05 
50 2.040 0.4 17 4. 17 0 .3 68 3.68 88. 2 645.05 
51 2.060 0.563 5.63 0.546 5.46 97 . 0 651 . 37 
52 2.050 0.500 5. 00 0 . 477 4.77 95.4 648.21 
53 2.050 0.435 4 .35 0 .3 90 3.90 89.7 648.21 
54 2.030 0.411 4. 11 '0 . 351 3.5 85 . 4 641.89 
55 2.030 0. 393 3.93 0.327 3.27 83.2 64 1. 89 
56 1.496 0.304 3 . ·04 473.00 
57 0.600 O. 74 1.74 19 0 .00 
58 0.939 0 . 230 2.30 297.00 
59 0.957 0.231 2. 3 1 303 . 00 
60 0.953 0 . 348 3.48 0.337 3.37 96.9 302.60 
61 0.952 0 . 251 2 . 51 0 . 210 2.10 83 . 7 301.02 
62 0.965 0.281 2. 8 0 . 261 2.61 92.9 305 . 13 
63 0.964 0. 2 38 2 . 38 O. 173 1.73 72 . 7 304.82 
64 0.963 0 . 243 2. 43 O. 191 1 . 91 78.6 304 . 50 
65 0.95 0 .2 60 2.60 0.227 2. 2 7 87.3 300 . 70 
66 0.963 0. 241 2 .4 1 0.186 1.86 77 . 2 304 . 50 
67 0.95 1 0.338 3. 38 0.326 3.26 96 . 5 300 .7 0 
68 0.95 1 0 .27 7 7 .77 0 . 254 2.54 9 1 .7 300.70 
69 0.954 0 .245 2 .45 O. 99 1.99 8 1.2 301.65 
70 0.954 O. 40 2 .40 0 .1 78 1 .78 74. 30 1. 65 
71 0.954 0. 258 2. 58 0.22 1 2.21 85 ~ 7 30 1.65 
72 0.245 0.09 6 0.96 7.50 
73 0. 199 0. C83 0.8 3 62 . 90 
74 0. 150 0 .069 0. 69 47.40 
75 0 .254 0.094 0 . 94 80 . 30 
76 0. 254 0.095 0.95 80.30 
77 0.25 3 0 . 095 0 . 95 79 ~ 00 
78 0 .253 O. 00 1 .00 0.07 5 0.75 75 . 0 79 . 00 
79 0.255 O. 09 1 . 09 0.096 0.96 88. 1 80 . 63 
80 0.255 0. 11 5 .15 O. ~ O? .05 9 1 .3 80.63 .. 
81 0.255 0. 105 1 .05 0 . 086 0 . 86 8 1 .9 80.63 
48 
MODEL DATA FOR 20-FOOT PARSHALL FLUME (Continued) 
Run Q m (Ha)m (Ha)p (Hb)m (Hb)p Hb/Ha Q p 
-
82 0.255 O. 09 .09 0.094 0.94 86.2 80.63 
83 0.255 0 .125 1.25 O. 15 1 . 15 92.0 80.63 
84 0.255 0. 122 1.22 O. 112 1. 12 91.8 80.63 
85 0.251 0.143 1 .43 0 .1 36 1.36 95.1 79.37 
86 0.275 0.103 1 .03 87.00 
( 
87 0.275 O. 110 1. 10 0.089 0.89 80.9 86.96 
88 0.275 0.102 1. 02 86.96 
89 0.275 O. 11 7 1 . 1 7 O. 101 1 . 01 86.4 86.96 
90 0 . 275 0.127 1.27 O. 11 7 1 . 1 7 92.2 86.96 
91 0.274 0.156 -1 56 O. 149 1.49 95.5 86.64 
92 0.274 0.124 1.24 O. 110 1. 10 88.8 86.64 
93 0.274 0'.105 1.05 0.074 0.74 70.5 86.64 
94 0.274 0.107 1. 07 0.083 0.83 77.6 86.64 
100 0.274 O. III 1. 11 0.092 0.92 82.9 86.64 
